CONDENSED PYRIDINES.
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In the course of our investigation into the reactions of unsymmetrical 1,3~dicarbonyl
compounds with acetamides we have studied the reaction of sodium 3-aryl-3-oxo-l-propen-l-
olates (Ia-c) with cyanothioacetamide. Successive treatment of the salts {Ia-c) in ethanol
with acetic acid and cyanothioacetamide (II) leads to the formation of 6-aryl-3-cyano-2(1H)-
pyridinethiones (IIla-c).
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When a solution of the pyridinethione (IIIc) in acetic acid is kept in air for several days the
disulfide (IV) is formed. Alkylation of (IIIa) with phenacyl bromide or allyl bromide in DMF
in the presence of KOH proceeds under mild conditions at the sulfur atom exclusively forming
thiopyridines (V) and (VI). From (V), and also by a single-stage synthesis from (IIIa) and
phenacyl bromide in the presence of KOH according to the Thorpe~Ziegler reaction [2], one ob-
tains 3-aminothieno{2,3-b]pyridine (VII),

*For previous communications, see [1].
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By the action of bromine on a solution of (VI) in chloroform one obtains an intramolecular
quaternization product — the bromide of 3-bromomethyl-5-phenyl-8-cyano-2,3-dihydrothiazolo]3,
2-a]pyridine (VIII) which is converted to the more stable perchlorate (IX) on treatment with per-
chloric acid in acetic acid.

Attempts to prepare the perchlorate of thiazolo[3,2-a]pyridine (X) by intramolecular qua-
ternization of (VI) by the action of perchloric acid ended in failure, probably associated
with the protonation of the pyridine ring as a result of its quite high basicity. At the same
time, when an equimolar quantity of bromine is added to the mixture, quaternization of (VI) to
(IX) occurs., The results obtained support those of [3] in that the intramolecular quaterniza-
tion of 2-allylthiopyridines to thiazolo[3,2-a]-pyridinium cations proceeds via the generation
of an electrophile on account of heterolytic rupture of the double bond of the allyl group of
compound (VI). Subsequent closure of the ring with the formation of (VIII) and (IX) predomin-
ates over the addition of a bromanion to the allyl group carbocation of compound (VI), The
possibility that electrophilic rupture of the double bond of the allyl group and intramolecular
quaternization take place simultaneously is not excluded. The formation of only one isomer of
the cation of compounds (VIII) or (IX) is in agreement with the results of the X-ray structur-
al analysis of thiazolo[3,2-a]pyridines [1, 3].

The structure of the compounds prepared was confirmed by physical and chemical examina-
tion. 1In the conversion of (VI) to (VIII) and (IX) a reduction in the intensity of the CN ab-
sorption band is observed in the IR spectrum and a shift of Av 18-20 cm™? to higher frequency;
this is connected with the delocalization of the positive charge on the pyridine fragment of
(VIII) and (IX). In the PMR spectrum of the salts (VIII) and (IX) there are multiplets due to
the protons of dihydrothiazole which are characteristic for 2,3-dihydrothiazol[3,2-alpyridini-
um cations [1]. The doublet for the C’H proton of compounds (VIII) and (IX) is shifted down-
field by 0.76 ppm in comparison with the C“H proton of (VI) while the shift in the signal for
the C°H protons of (VIII) and (IX) in comparison with C®H of (VI) is negligible. Such polar-
ization of the protons in (VIII) and (IX) is evidently connected with nonuniform redistribu-~
tion of charge in the pyridine ring,

For final confirmation of the position of the aryl substituent on the pyridine nucleus of
(IlIa=-c) the disulfide (IV) was examined by x-ray diffraction. It was established that the
aryl substituent in (IV) is found in the 6~position, not in the 4-position, of the pyridine
ring (Fig. 1), that is, the compound studied is 2,2'-bis[6-(2,4-dimethoxyphenyl)-3-cyanopyrid-
yl-2] disulfide and is one of the symmetrical "aromatic" disulfides (SADS) RSSR in which the
disulfide bridge connects sp®-hybridized carbon atoms of the R-groups. The fundamental geo-
metrical parameters of SADS are the torsion angles of C(N)CSS (1) and CSSC (¢) and the lengths of the
S5—=S and C-S bonds. Some empirical relationships between these parameters are considered in [4].

The C—S distances in axial and equatorial SADS are less than the average values for che
length of single C—S bonds in aliphatic disulfides (1.817(5) 3 [5]1), the bond length Cg
in equatorial SADS (1.767(10)-1.797(9) A) being somewhat greater than in axial SADS (1. 944(5)—
1.770¢7) &) [4]. In particular, in axial bis(2, 8-diphenylindolizige-3-yl) disulfide (XI) [6]
the lengths of the C—S bonds are reduced to 1.697(3) and 1.715(3) A (average 1.71(1) A) which,
in the authors' opinion, results from n — o* interaction with shift of the electron density
of the unshared electron pair of the S atom to the antibonding orbitals of the R group bonds.
In (IV) the lengths of the C~S bonds (1.788(2) and 1.788(2) A) have values characteristic for
equatorial SADS, as in the related molecules bis[(6-adamantyl=-1)-3-cyanopyridyl-2] dlsulfide
(XII) (1.772(6) and 1.787(6) A) and bis(pyridyl=2) disulfide (XIII) (1.785(2) and 1.785(2) &)

(8l.

The molecule (IV), which has electron-acceptor (CN) substituents in the ortho-posxtlon
on each of its pyridine rings and the torsion angles of which are small (1t (N!C2S 1g1'y) =
~0.6(2)* and t (N!'C2'S!'S!) = —19,3(2)°), belongs to the class of equatorial SADS, as also
do compounds (XII) and (XIII) which are related to (IV) and have T = —31.5(3), l6.8(5)° and
T = 5.1, 10.2°, respectively,

The torsion angle about the S—S bond (¢) is found in the range 66-~110°, in the majority
of cases close to 90 + 10° [8]., Such an approximately orthogonal arrangement leads to weak
repulsion of the unshared electron pair of the S atom. Pronounced deviation of the angle
from 90° in the axial disulfide (XI) (tr = 80.6(1) and 79.6(2)%, ¢ = 62.8(2)°) leads to a
marked increase in the S—S distance to 2.141(1) & in comparison with S8 distances in equator-
ial (1.999-2.550, av. 2,03 &) and axial (2.059-2.108, av. 2.08 &) SADS, The values of the
torsion angle ¢ in (IV) and in (XII) and (XIII) (—83.5(2), 80.8(5), and 87.1°, respectively)
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and also for the S8 bond lengths (2.015(1), 2.022(3), and 2.016(2) i, respectively) are normal
for equatorial SADS,

The inverse relationship between the lengths of the C—§ and S5 bonds in SADS was noted
in [4]: in equatorial SADS one observes a certain shortening of S—S bonds and lengthening of
C—S bonds in comparison with axial SADS,

The bond angles at the S atoms in (IV), equal to 104.3(1) and 103.3(1)°, are in good
agreement with those observed in other organic disulfides where they amount to 98-106° in ac-
cordance with the supposed p’-configuration of the S atoms in SADS [6],

The substituted benzene rings in'thg molecule of (IV) are in fact coplanar with the pyri-
dine (torsion angles N'C®C®C® and N! c*'c*'c!?' are —8.3(3) and —3.4(3)°, respectively) and
the methoxy groups with the plane of the benzene rings (torsion angles C®C®0%C*“ = 174.7(4)°,
Coclip2Cs = 4,2(4)°, c®'c®'or'ce! = 172.4(4)°, and C*°'c*t'0%'c?®' = 2.3(4)°). Thus, in
the molecule of (IV) it is possible to isolate two approximately planar fragments united by
a disulfide bridge.

o
The short, nonvalence, intramolecular contacts S°...N'' 3.064(2) A and S''...N' 3.030(2)
& should be noted; the sum of the van der Waals raddi of S and N atoms is 3.35 £ [9]. This evi-
dently influences the rotation of the pyridine rings about the corresponding CSS planes. An-
alogous nonvalence contact is also observed in (XII) and (XIII),

According to the criteria for the existence of C—...0 type hydrogen bonds [}0], one can
conjecture that in (IV) there is intramolecular hydrogen bonding between the O and 0! atoms of the
methoxy groups and the H® and H®' atoms on the C3 and C®' atoms of the heterocycles (0'...C®
and 0%7...C* 2.804(3) and 2.788(3) X, 0'...H® and O*'...H®' 2.14(2) and 2.15(2) &, C*-#° and
C*'-H%' 0.96(2) and 0.93(2) &, angles C°-H®...0' and C3'-H3'...0%' 125(2) and 125(2)°, C°-
0'...H® and C*'-0%'...H®' 106.3(7) and 106.5(7)°).

In the crystal of (IV), a series of intermolecular contacts of S...C and C.,.C type are
observed, less than or close to the sum of the van der Waals radii (3.5 and 3.4 A, respective-
ly [9]): s*...c'® 3.288(4) & to the molecule in position (x —1, y+1, z); C12...C1%' 3.346(4),
C**...C*%' 3.375(4), C'3'...C'? 3.346(4), and C*3'...C*® 3.375(4) & to the molecule in pgsi-
tion (1 -~ x, 2 —y, —2). The remaining intermolecular distances are greater by 0.05-0.3 A
than the sums of the van der Waals radii of the atoms.

EXPERIMENTAL

Infrared spectra were run on a UR-20 spectrometer using KBr discs. PMR spectra were ob-
tained on Varian FT-80A (80 MHz) and Bruker WM-250 (250 MHz) instruments using sclutions in
DMSO-d¢ and TMS as reference. The purity of the compounds was verified by TLC using Silufol
UV-254 plates and 3:5 acetone—hexane as solvent,

6-Phenyl~3-cyanopyridine-2(1H)=-thione (IIla). To a suspension of 1.7 g (10 mmoles) (Ia)
in 20 ml EtOH was added 0.4 ml AcOH and then 1 g (10 mmoles) cyanothioacetamide (II), The re-
action mixture was brought up to boiling point, 0.2 ml AcOH added, and filtered. After 4 h
the precipitate was separated, washed with EtOH and hexane and recrystallized from AcOH.
Yield 1.2 g (57%) (IIla), mp 254-255°C (decomp.). IR spectrum (KBr, v, cm=*): 2224 (CN)., PMR
spectrum (DMSO-d¢, &, ppm): 7.07 d (1H, B®); 8.06 d (1H, H“), Jyegs = 7.5 Hzy 7.4 and 7.8 m
(5H, CeHs); 14,02 (1H, NH). Found (%): C 67.82, H 3,94, N 13,12, S 14.87. Calculated for
CiaHaN2S (%): C 67.90, H 3.80, N 13.20, S 14.60.,

6~ (4-Chlorophenyl)-3~cyanopyridine~2(1H)-thione (IIIb) was obtained in a similar way to
(I1Ia). Yield 38%, mp 203-204°C (from AcOH). IR spectrum (KBr, v, cm~'): 2226 (CN). PMR
spectrum (DMSO-d¢, &, ppm): 7.13 d (1H, H®); 8.10 d (1H, H*), J uys = 7.8 Hz; 7.80 d and 7.54
d (1H, 4~ClCeH.), °J = 5.4 Hz. Found (%): C 58.67, H 3.04, Cl 14.21, N 11.13, S 12.87. Cal~
culated for C,,H,CIN,S (%): C 58.42, H 2.86, Cl 14.37, N 11.35, S 12.99.

6-(2,4-Dimethoxyphenyl)~3-cyanopyridine-2(1H)~thione (IIIc) was prepared in a similar
way to (IIla). Yield 47%, mp 196-197°C (from AcOH). IR spectrum (KBr, v, cm™*): 2227 (CN).
PMR spectrum (DMSO-de¢, &, ppm): 3.81 s (3H, CH,); 3.87 s (3H, CHs); 6.50 m (3H, CeHs); 7.05 d
(1H, ¥%); 8.03 d (1H, H*, Jyeys = 7.5 Hz); 13.96 s (1H, NH). Found (%): C 61.62, H 4.44, X
10.19, S 11.70. Calculated for C,.H;3N,025 (Z): C 61,75, H 4.44, N 10.29, S 11.77.

2,2'-Bis[6-(2,4—dimethoxyphenyl)-3-cyano-2-pyridyl] disulfide (IV). A suspension of
0.27 g (1 mmole) compound (IIIc) in 15 ml AcOH was heated to 50-55°C and filtered. The fil-
trate was left to stand for 4 days in air at 25°C and the precipitate removed and washed with
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Fig. 1. Structure of the molecule of (IV). Dashed lines re-
present hydrogen bonds 0...B—C (only participating hydrogen
atoms are shown),

TABLE 1. Coordinates of Atoms (x10° for S, x10° for O, N, C,
x10° for H)*

Atom X Y z H Atom X Y z
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*Isotope equivalent thermal parameters of nonhydrogen atoms (for
H isotopes) can be obtained from the authors' laboratory.

AcOH, EtOH, and hexane. Yield 0.2 g (74%) (IV), mp 226-228°C (from AcOH). IR spectrum (KBr,
v, em~*): 2220 (CN). PMR spectrum (DMSO-d¢, 6, ppm): 3.86 d (6H, (CHa)a); 6.52 m (3H, CeHs); .
7.83 d (1H, H®) Jyeys = 8.5 Hz; 7.96 d (14, H*); 7.98 m (1H, CeHs (signal partially overlap-
ping H®). Found (%): C 61.79, H 3.94, N 10.42, S 11.74. Calculated for CzeH2aN.0.S; (%Z): C
61.98, H 4.09, N 10.33, S 11.82,

2-Phenacylthio-6-phenyl-3-cyanopyridine (V), To a suspension of 0.84 g (4 mmoles) (IIIa)
in 10 ml DMF, 2.2 ml 10% aqueous KOH was added with stirring followed by 0.8 g (4 mmoles) phen-
acyl bromide. The mixture was stirred for 20 min at 25°C, diluted with 5 ml water and the
precipitate filtered off and washed with water. Yield 1.19 g (90%), mp 151-152°C (from tolu-
ene). IR spectrum (KBr, v, cm~!): 1687 (CO), 2221 (CN). PMR spectrum (DMSO-de, &, ppm):
4.98 s (2H, CHa); 7.2-8.2 m (10K, (C¢Hs),); 7.8 d (1H, B®); 8.18 d (1H, H") (H® and H" signals
partially overlapped Cg¢Hs signals). Found (%Z): C 72.63, H 4.17, N 8.31, S 9.83. Calculated
for CaoHiuN20S (%): C 72,71, H 4,27, N 8.48, S 9.70.
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2-Allythio-6-phenyl-2-cyanopyridine (VI) was prepared in a similar way to (V), using al-
1yl bromide as the alkylating agent. Yield 98%, mp 76°C (from hexane). IR spectrum (KBr, v,
cm—'): 2220 (CN). PMR spectrum (DMSO~d¢, 6, ppm): 4.01 d (2H, CHz); 5.25 m (2H, CHz); 6.0 m
(1#, CH); 7.46 and 8.10 m (SH, CeHs); 7.81 d (1H, ¥®) 8.18 d (1H, H®) Jyuys = 8.7 Hz. Found
(%y: € 71.27, H 4.17, N 11,12, S 12.82. Calculated for C,sH;;NaS (%): C 71.40, H 4.80, N
11,10, s 12.70.

3-Amino-2-benzoyl-6-phenylthiol[2,3~b]pyridine (VII). a) To a solution of 0.33 g {1 m-
mole) (V) in 4 ml DMF was added 0.5 ml 107% aqueous KOH. The reaction mixture was stirred
for 2 h at 25°C, diluted with 5 ml water and the precipitate filtered off and washed with wa-
ter, EtOH, and hexane. Yield 0.32 g (98%), mp 190-191°C (from n-butancl). b) To a suspension
of 0.21 g (1 mmole) (IIIa) in 8 ml DMF was added 0.56 ml 10% aqueous KOH and 0.2 g (1 mmole)
phenacyl bromide. The mixture was stirred for 10 min, 1 ml 10% aqueous KOH added, and stir-
ring continued for 2 h at 25°C. It was then diluted with 5 ml water and the precipitate col-
lected. Yield 0.26 g (86%), mp 190-191°C. The product was identical in terms of its IR spec-
trum with that obtained by method a). IR spectrum (KBr, v, cm™!): 1596, 1600 (CO, 6NH,, C=C),
3296, 3328, 3475 (NH,). PMR spectrum (DMSO-de, &, ppm): 7.4 and 8.2 m (1O0H, (CeHs)a); 8.04 d
(1H, H®); 8.37 d (1H, H®) Jgugs = 9 Hz; 8.35 s (2H, NHa). Found (%Z): C 72.58, H. 4.34, N
8.36, S 9.53. Calculated for C,oH,,Na20S (%): € 72,41, H 4,27, N 8,48, S 9.20,

3-Bromomethyl-5-phenyl-8-cyano-2,3,dihydrothiazolo[3,2-alpyridinium bromide (VIII). To
a solution of 1.26 g (5 mmoles) (VI) in 20 ml dry chloroform, 0.26 ml (5 mmoles) bromine in
5 ml chloroform was added dropwise with stirring over 10 min. The mixture was stirred for
1 h at 25°C and the precipitate filtered off and washed with acetone. Yield 1.48 g (72%), mp
195°C (from nitromethane). IR spectrum (KBr, v, cm ‘): 2238 (CN). PMR spectrum (DMSO-de, §,
ppm): 3.49 and 3.64 m (2H, CH,Br): 3.86 m and 4.35 m (2H, CH,); 6.11 m (1H, CH); 7.73 m (5H,
CeHs); 7.88 d (1H, H®); 8.96 d (1H, H) Jyeyr = 9 Hz. Found (%): C 43.61, H 2.83, Br 38.97,
N 6.54, S 7,62, Calculated for C,sH;2BrzsN2S (%): C 43.71, H 2.94, Br 38.77, N 6.80, s 7.78.

3~-Bromomethyl-5-phenyl-8-cyano-2,3-dihydrothiazolo[3,2-a]pyridinium perchlorate (IX), a)
To a mixture of 7 ml 70% perchloric acid, 7 ml acetic anhydride, and 40 ml AcCOH was added 2.85
g (7 mmoles) (VIII). The mixture was heated for 10 min at 70-75°C, cooled to 25°C, diluted
with 10 ml ether and the precipitate filtered off and washed with ether. Yield 2 g (66%), mp
236-239°C (from nitromethane). b) To a mixture of 7 ml 70% perchloric acid, 7 ml acetic an-
hydride and 40 ml AcOH was added 1.76 g (7 mmoles) (VI) followed by 0.37 ml (7 mmoles) brom-
ine in 5 ml AcOH added dropwise over 20 min with stirring. The mixture was stirred 2 h at
25°C and then at bp for 1 h after which it was cooled, diluted with 20 ml ether, and the pre-
cipitate filtered off and washed with ether. Yield 1.7 g (56%), mp 236-239°C. The product
was identical in terms of its IR spectrum with that obtained by method a). IR spectrum (KBr,
v, cm~*): 2240 (CN). PMR spectrum (DMSO-d,, 6, ppm): 3.34 d (2H, CH3Br); 3.83 m and 4.28 m
(2H, CHz2); 6.11 m (1H, CH); 7.69 m (5H, C¢Hs); 7.84 d (1H, H®); 8.96 d (1H, H') Jyeyr = 8.4
Hz, Found (%): C 41.60, H 2,68, Cl1 8.12, Br 18.42, N 6.38, S 7.61. Calculated for C,sH;,Cl-
BrN,O.S (%): C 41.74, H 2.80, Cl1 8,21, Br 18.51, N 6.49, S 7.43.

X-ray diffraction analysis of 2,2'-bis[6-(2,4~dimethoxyphenyl)-3~cyano-2-pyridyl] disul-
fide (IV). Triclinic crystals, at 20°C g = 8.103(1), b = 11.056(1), ¢ = 15.319(2) A, a =
73.906(8), & = 89.652(9),_y = 83.825(8)°. V = 1310.6(2) &%, d 1. = 1.38 g/em®. Z = 2. Cay-
H33N,0,52. Space group Pl. The intensities of 3228 independent reflections with I > 20 were
measured on a Hilger—Watts 4~circle automatic diffractometer (A MoK,, graphite monochromator,
8/28-scanning, Bpax = 30°), Structure was interpreted by the direct method using the program
MULTAN, revealing all nonhydrogen atoms, and refined by a full-matrix method of least squares
in an anisotopic approximation for nonhydrogen atoms. All the hydrogen atoms were revealed
from a difference series and refined isotropically. The final divergence factor R = 0.038,
(Ry = 0.032). All the calculations were performed on an Eclipse $/200 computer running the
INEXTL program {11]. The atomic coordinates are shown in Table 1.

Comparison of the x-ray diffraction data and the spectroscopic characteristic of (V)
and (IITa-c) provides grounds for assuming that in the pyridinethiones (I11a,b) the aryl
substituent is located in the 6~position, not in the 4-position, of the pyridine ring, as
was assumed on the basis of the proton NMR spectra [12], and comparison of the melting point of the
pyridone obtained by oxidation of the corresponding 2-pyridyl sulfide with literature data [13].

CONCLUSIONS

1. Condensation of the sodium salts of 3-aryl-<l-hydroxypropene-l-ones-3 with cyanoace-
tamide proceeds regioselectively with the formation of 6~aryl-3-cyanopyridine-2¢1H)~thiones
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which are used in the synthesis of thieno[2,3-b]pyridine and thiazolo[3,2-a]pyridinium cat-
ions.

2, The structure of 2,2'-bis[6-(2,4~dimethoxyphenyl)~-3-cyanopyridine-2] disulfide has
been established unequivocally by an.x-ray diffraction study. The molecule is structured
from two approximately planar fragments joined by a disulfide bridge with CSSC torsion angle =
83.5(2)° and S-S bond length = 2,015(1) A,
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SYNTHESIS OF a,a, w -TRIHYDROPOLYFLUOROALKYL CHLOROPHOSPHATES BY THE REACTION
BETWEEN a,a,w-TRIHYDROPOLYFLUOROALKYL PHOSPHITES AND SULFURYL CHLORIDE

V. A. Chauzov, Yu. N. Studnev, L. I. Ragulin, UDC 5642.91:547.1'118'161
A. A, Ustinov, and A. V. Fokin

Polyfluoroalkyl chlorophosphates are key compounds in the synthesis of practically useful
derivatives of polyfluoroalkylphosphoric acids. Their preparation by alcoholysis of POCls
under severe conditions and in the presence of catalysts [1-4] results in the formation of mix-
tures of products. More efficient methods are the reactions of tris(polyfluoroalkyl) phos-
phites and polyfluoroalkyl dichlorophosphites [5] with chlorine [6] and nitrogen oxides [s,

7]. In order to obtain chlorophosphates, we here describe the reaction of a,a,w-trihydropoly-
fluoroalkyl phosphites (and chlorophosphites) with the preparatively more convenient reagent
sulfuryl chloride, which behaves towards three-coordinated phosphorus compounds as both a
chlorinating agent [8, 9] and an oxidant [10].

It has been found that bis(a,a,w-trihydropolyfluoroalkyl) phosphites are chlorinated by
sulfuryl chloride at 20-30°C in the same way as their hydrogen analogs (9], being uniquely
converted into the bis(a,a,w-trihydropolyfluorocalkyl) chlorophosphates (Ia-c).

(ReCH,0),PHO + SO,Cl, — (Rﬂ(;li 0),P(0)Cl + SO, + HCl

Re = H(CF,CF,),. n = 1(a). 2(b). (3¢).

In an analogous reaction, a,a,w-trihydropolyfluoroalkyl dichlorophosphites give only the
oxidation products, a,a,w-trihydropolyfluoroalkyl dichlorophosphates (Ila-c).
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